Solar cells have the remarkable ability to convert sunlight directly into 
electrical energy. They do so without producing pollution or noise. And 
they last many years. 


This Mini-Notebook explains how you can use arrays of solar cells to 
produce electrical power to operate small motors, electronic circuits and 
other projects. It also shows 
how you can use solar cells to 
charge storage batteries. This 
means you can store th 
power of sunlight during the 
day and use it to power your 
projects at night. Solar cells 
also make great light sensors. 
This Mini-Notebook shows 
how to use solar cells to trigger 
relays, measure light, control 
tones and detect objects 
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ABOUT THE MINI-NOTEBOOK SERIES 
WHERE TO FIND PARTS 


ELECTRONIC PARTS IN THIS BOOK ARE AVAILABLE 
FROM RADIOSHACK STORES OR FROM RADIOSHACK 
UNLIM\TED. (RSu). SOME PARTS HAVE MORE THAN ONE 
DESIGNATION, FOR EXAMPLE, THE PoPLLAR 2N2222 
TRANSISTOR CAN BE REPLACED SY THE 2N2222A, 
THE MPS2222 And THE MPS222ZA. 


PLEASE READ THIS 


THIS. BOOK INCLUDES STANDARD CIRCUITS AND CIRCUITS 
DESIGNED @y FORREST M.MIMST, EACH ciRcuIT WAS 
BulLT AND, TESTED AT LEAST TWICE, VARIATIONS 
IN COMPONENTS AND CONSTRUCTION METHODS MAY 
GIVE RESULTS THAT DIFFER FROM THOSE DESCRIBED 
HERE. THEREFORE THE AUTHOR AND RADIOSHACK 
ARE NoT RESPONSIBLE FOR THE SUITABILITY OF THE 
CIRCUITS FOR, ANY APPLICATION. SINCE WE HAVE 
NO CONTROL OVER THE USE OF INFORMATION IA) THIS. 
Book, WE ASSUME NO LIABILITY FOR SUCH USE, 
IT 1s YOUR RESPONSIBILITY 1 DETERMINE. IF 
COMMERCIAL USE, SALE OR MANUFACTURE OF ANY 
DEVICE BASED ON INFORMATION IN) THIS Book 
INFRINGES, ANY PATENT, COPYRIGHT OR OTHER 
RIGHTS. 


FOR MORE INFORMATION 


DUE To THE MANY INQUIRIES RECEIVED BY THE 
AUTHOR AND RADIOSHACK , IT 1S ImMPOSSIGLE TO 
PROVIDE CUSTOM CIRCUIT DESIGNS AND TECHNICAL 
ADVICE. You CAN LEARN MORE ASouT ELECTRONICS 
BY READING ELECTRONICS MAGAZINES. .ALSO SE! 
RADIDSHACK'S "GETTING. STARTED IN ELECTRONICS 
AND oTHER. MINI-NOTEB00KS _IN THIS SERIES. You 
CAN_ALSO FIND IN FORMATION ON THE INTERNET 
NEwsGRouP _SC\. ELECTRONICS. + + 
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INTRODUCTION 


SOLID-STATE PHOTOVOLTAIC SOLAR CES 
TRANSFORM SUNLIGHT DIRECTLY INTO 
ELECTRICITY. THEY ARE AMONG THE MOST. 
IMPORTANT SUNLIGHT ~TO- ELECTRICITY. 
CONVERTERS THAT HAVE BEEN INVENTED, 


POWER GENERATION 1s 8Y FAR THE MOST. 
IMPORTANT. APPLICATION FOR. SOLAR CELLS 
AND ARRAYS. THEREFORE THIS MIAI-NOTERDOK 
INCLUDES BASIC INFORMATION. ABOUT THE 
SON AND SOLAR ENERGY. HOW SOLAR CELLS 
AND SOLAR CEL ARRAYS ARE USED TO 
CHARGE STORAGE BATTERIES AND TO 
DIRECTLY POWER. SOME CIRCUITS I$ ALSO 
COVERED. 


IT’S IMPORTANT TO KNow THAT, SOLAR CELLS. 
RAVE. MANY APPLICATIONS UNRELATED TO 
SOLAR POWER. THIS 1S BECAUSE SOLAR 
CELLS WORK VERY WELL AS RELATIVELY 
INEXPENSIVE AND SENSITIVE LIGAT SENSORS. 
THIS MINI-NOTEBOOK DESCRIBES MANY. USES. 
FOR SOLAR CELLS AS LIGHT | SENSORS. 
VARIOUS CIRCUITS THAT USE SOLAR CELLS 
As LIGHT SENSORS ARE ALSO GIVEN). 


~—SUN 


SOLAR CELL st Cétu 
an 


PowER SYSTEMS SENSING SYSTEMS 

1. CHARGE STORAGE 4. DETECT SUNLIGHT. 
BATTERIES. 2. DETECT LIGHT FROM 

2. POWER CIRCUITS LEDs, LAMPS AND 
DIRECTLY. , _ OTHER . SOURCES. 
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SOLAR ENERGY MILESTONES 


FOR THOUSANDS OF YEARS PEOPLE HAVE 
DSED SUNLIGHT _TO_WARM THEIR HOMES. 
SOCRATES (470-399 B.C.) TAUGAT THE 
IMPORTANCE OF PUCING HOMES SO THE 
SUN'S WARMING RAYS COULD WARM THE 
INTERIOR ROOMS DURING WINTER. 


HERE ARE JUST A FEW HIGHLIGHTS oF 
HISTORIC SOLAR ENERGY DEVELOPMENTS: 


DESTRUCTION OF ROMAN FLEET (2128.6) — 
ARCHIMEDES IS REPORTED TO HAVE 
IGNITED  [NVADING ROMAN SHIPS BY 
MEANS OF REFLECTED SUNLIGHT. 


DIAMOND MELTED (169S)— TWO ITALIAN 
EXPERIMENTERS SuccEEDED IN MELTING 
A DIAMOND USING FOCUSED SUNLIGHT. 


SOLAR FURNACE (1774) — THE FRENCH 
CHEMIST ANTOINE- LAURENT LAVOISIER 
MADE A SOLAR FURNACE THAT MELTED 
PLATINUM. 


SOLAR-POWERED PRINTING PRESS (1878) — 
A LARGE PARABOLIC REFLECTOR COLLECTED 
ENOUGH SUNLIGHT TO POWER A PRINTING PRESS. 


SOLAR STEAM ENGINE (1901)—A.G. ENEAS 
DESIGNED A SOLAR STEAM ENGINE THAT 
PUMPED IRRIGATION WATER IN ARIZONA. 
SUNLIGHT WAS COLLECTED BY 1,788 MIRRORS 
INSTALLED In A FIXTURE THAT RESEMBLED 

A GIANT UMBRELLA 33.5 FEET (CABouT lo 
METERS) IN DIAMETER. 


SOLAR ENGINE (1908)— JOHN BoYLES AND 
H.E. WILLSIE DEMONSTRATED A 1S5-hoRSE- 
POWER ENGINE POWERED BY Pools OF 
WATER THAT CAPTURED AND STORED THE 
a FROM. SUNLIGHT. 


SOLAR ELECTRICAL PLANT (1913)— FRANK 
SHUMAN AND GU. BOYS BUILT THE WoRLD'S 
FIRST SOLAR-POWERED ELECTRICAL PLANT. 
NEAR CAIRO, EGYPT. THE HUGE FACILITY 
USED SEVEN SOLAR COLLECTORS , BACH 
204 FEET CABOUT 62 METERS) LONG. THE 
COLLECTORS HAD A TOTAL AREA OF 13,000 
SQUARE FEET (ABouT 1,208 SQUARE. METERS). 
THEY AUTOMATICALLY TRACKED THE SUN. 


SOLAR OVEN (1925)— C.G. ABBOT OF THE 
SMITHSONIAN INSTITUTION COOKED MENS 
USING A SoLAR- POWERED OVEN AT HIS. 

SUN OBSERVATORY. ON MOUNT WILSON,CALIFORNIA. 


SOLAR FURNACE (1950'S) — FRENCH SCIENTIST 
FELIK TROMBE DESIGNED THE WwoRLD)S LARGEST 
SOLAR FURNACE . THIS FACILITY, WHOSE 9,000 
MIRRORS ARE INSTALLED ON THE | SIDE. OF 

A BUILDING, CAN REACH THE TEMPERATURE 
OF THE Sun's SURFACE, 10,000° FAHRENHEIT, 
CABouT 5,538 ° CEcsws). | 


SILICON SOLAR céLL (1954)— GERALD PEARSON, 
DARYL CHAPIN AND CALWIN FULLER OF BELL 
LABORATORIES DEVELOPED THE FIRST i 
SUccESSFuL SILICON SOLAR CELL, | THIS. 
DEVELOPMENT LED TO THE MODERN) BRA 

OF PHOTOVOLTAIC SOLAR POWER CONVERSION. 


MID-EAST OIL. CRISIS (1970"S)— THE OIL CRISIS 
OF THE 1970'S STIMULATED. SIGNIFICANT NEW, 
RESEARCH IN SOLAR ENERGY. OLD KINDS oF 
SOLAR ENERGY SYSTEMS WERE IMPROVED 
AND NEw KINDS WERE DEVELOPED. 1 


THIN-FILM SOLAR CELL (1980*s) — MANY | 
KINDS OF SOLAR CELLS HAVE BEEAl DEVELOPED, 
BuT THIN-FILM CELLS OF SILICON AND. OTHER. 
SEMICONDUCTORS. ARE AMONG THE. MOST | 
IMPORTANT, THEY CAN BE MADE AS FLEXIBLE 
SKEETS MUCH LARGER THAN STANDARD 
SILICON SOLAR CEUS. itt 


[ENERGY] FROM THE’ SUN? 

THE. SUN. EMITS. AN INCREDIBLE AMOUNT OF 
ELECTROMAGNETIC RADIATION, THE TOTAL 
RADIATED POWER 15 3.83%10°* KILOWATTS (Kw) 
OR_3.83,000,000,000,000,000,000,000,000. WATTS. 
MOST OF ‘THIS RADIATION IS LOST TO SPACE. . 
ONLY A TINY FRACTION 1S INTERCEPTED BY. 
EARTH AND! THE OTHER PLANETS. AccoRDING 
TO THE SOLAR ENERGY INDUSTRIES ASSOCIATION. 
(SETA), ALC THE ELECTRICITY CONSUMED IN 
THE UNITED STATES Could BE PROVIDED BY 
PHOTOVOLTAIC SOLAR CELL MODULES COVERING 
013% OF THE CAND AREA OF THE U.S. 


THE SOLAR CONSTANT 


TRAE MEAN. AMOONT OF SUNLIGHT AT THE 
TOP_OF EARTH'S ATMOSPHERE IS CALLED 
THE SOLAR. CONSTANT. MEASUREMENTS 
MADE BY SEVERAL SATELLITES SHOw) \THAT 
THE SOLAR CONSTANT |S 136.8 WATTS PER 
SQUARE CENTIMETER. 


+ SOLAR CONSTANT AT EARTH = | 
~ fl 0,138 w/am* or 
1368 w/m* 
ee <= + =o 
K | Na.-SuN EARTH 


THE. SUNLIGHT INTE NS (Ty AT EARTH VARIES. 
BECAUSE EARTH'S ORBIT AROUND THE SUN IS 
SLIGHTLY ELLIPTICAL... THE MEAN DisTANCcE 
[OF |EARTH FRom THE SUM IS 92,957, 1230 
MILES (144, 600,000 KILOMETERS ). IN) EARLY 
JANUARY EARTH 1S Af@ouT 1,600,000 MILES 

_Q,S15,.000 KM) CLOSER To THE SUN. In 

EARLY JULY EARTH IS ABOUT 1,600, C00 MiLES 

(2,595,000 KM) FARTHER FROM THE SUA). 
ia DRAWING ON FACING PAGE,) 


f 94,557,130 mi —>te— 91,382, 1800 Ma 
= 


O— exam oy a 9. 
t aera | 
WY SUN = TANUARY. 


THE DIFFERENCE IN THE. INTENSITY OF SUNUGHT 
BETWEEN PERINELION (CLOSEST PoiNT), AND 
APMELION CFARTHEST PoIwT) IS. ABOUT, G.1%. 
USE THE SOLAR CONSTANT. TABLE, To! FIND 
THE SOLAR CONSTANT FOR THE FIRST, DAY 
OF ANY MONTH. 


SOLAR CONSTANT TABLE 


MULTIPLY. THE MEAN SOLAR CONSTANT. 
(1,368 WATTS PER SQUARE. METER (OR 
136.8 MILLIWATS PER SQUARE CENTIMETER) 
BY THE CORRECTION NUMBERS JA) THIS, TASLE 
TO FIND THE ACTUAL SOLAR IRRADIANCE aN 
TRE GIVEN DATES. 


JANUARY 1.0335 JuLy 0.946 
FEGRUARY 1.0288 AUGUST, 0.9209 
MARCH 4.0173 SEPTEMBER 0.9828 
APRIL 1.0009 OCTOBER 0.9995 
MAY. 0.9841 NoveMBeR  1,0164 
Tone 0.9741 DECEMBER 1.0288 | 


FROM KINSELL L. COULSON ,"SoLAR AND 
TERRESTRIAL RADIATION," ACADEMIC PRESS, 
1975. 


EXAMPLE: WHAT |S THE sun's IRRADIANCE 
AT THE TOP oF THE ATMOSPHERE ON MAY.12 
THE IRRADIANCE ON May L IS.0.9841 oF THE 
MEAN. SOLAR CONSTANT. OF, 136.8 MILLIWATTS 
PER SQUARE CENTIMETER. 0,9841 % 136-8, IS 
134-625 MILLUWATTS. PER SQUARE casreecege | 


2. AEROSOLS ARE TINY PARTICCES AND! | || 
DROPLETS IN THE ATMOSPHERE THAT CAN 
ABSORB CONSIDERABLE SUNLIGHT OR SCATTER 


SUNLIGHT AND THE ATMOSPHERE 


A-SOLAR CELL ON A SATELLITE RECEIVES 


AT LEAST 15% MORE SOLAR ENERGY THAN Ly BACK fur SPAEE | 
AN IDENTICAL SOLAR CELL ON EARTH. FOR m3 ebeCt) 
EXAMPLE, AT NOON OA JULY 1 THE SOLAR ve 
IRRADIANCE AT ALBUQUERQUE, NEW MEXICO, Tcadeas 
IS ABOUT 100 MILLIWATTS PER SQUARE CM hindke 
Cloo mw /em*) IF THE SUN IS NoT BLOCKED Brak: 
BY A CLOUD, “FROM THE SOLAR CONSTANT ETSaOy leba 
TABLE (P.8) THE IRRADIANCE AT THE TOP Sy) haze 
OF THE ATMOSPHERE ON JULY 1 IS 0.9606 x : 
2 z ABSORBING _,% AEROSOL“ POLLEN 
136.8 mw/cm? oR 132.2 mw/cm> THUS ONLY AEROSOL - Cloud ICE 


15.6% OF THE INTENSITY OF THE SUNLIGHT 
AT THE TOP OF THE ATMOSPHERE REACHES 
ALBUQUERQUE ON JULY 1. ALBUQUERQUE 
IS ABouT 1 MILE (1.6 KILOMETERS) ASovE 
SEA LEVEL AND THE AIR IS OFTEN DRY. 
LESS SUNLIGHT REACHES REGIONS NEARER 
SEA LEVEL, ESPECIALLY WHEN THE AIR 


3. Clouns ARE FORMED FROM ENORMOUS 
NUMBERS OF TINY WATER DROPLETS OR ACE 
CRYSTALS. CLOUDS ABSORB AND SCATTER LIGHT. 


Ouse CUMULUS clouds 
CAN AGSORE MOST 


IS MOIST. MUCH LESS SUNLIGHT IS RECE\WED 

EVERYWHERE DURING WINTER AND WHEW | Lighten A DIRE T 

Clouds BLOCK THE SKY. wt BEAM FROM UI 
ai Y 
Z\% \ a 


HERE ARE SomE OF THE CHIEF FACTORS 


THAT AFFECT SUNLIGHT = CIRRUS CLOUDS 


ABsoRS LESS 
SUNLIGAT TRAN 


1. WATER VAPOR , OZONE AND. OTHER GASES caniutuis \eaaunk 


IN THE ATMOSPHERE ABSORB SUNLIGHT. 
4,.THE TILT OF TRE EARTH CAUSES SUNLIGHT 


SH SER eR In ara TO PASS THROUGH MORE ATMOSPHERE DURING 


7 VARIOUS DIRECTIONS BY MOLECULES OF 
SUN AIR, THIS IS RAYLEIGH SCATTERING. FALL, WINTER AND SPRING. 
OZONE AGSORES = + 
se ULTRAVIOLET AND S 2 se) 
Ad re OZONE ORANGE LIGHT AND 
as eel LAYER — VARIOUS INFRARED SUMMER SUN WINTER 
II WAVELENGTHS | 
th L <— WATER WATER VAPOR 
eS 2eee VAPOR  ABSORBS VARIOUS LESS More 
EARTH INFRARED WAVELENGTHS ATMOSPHERE ATMOSPHERE re 


i 
SOLAR CELLS == 


MANY. SEMICONDUCTORS WILL GENERATE 
ELECTRICITY FROM SUNLIGHT. THE MOST 
COMMON AND BEST DEVELOPED SOLAR CELLS. 
ARE MADE FROM SILICON. SINCE SILICON 
FORMS 27.7% OF EARTH'S CRUST, SILICON 


SOLAR CELLS ARG POTENTIALLY INEXPENSIVE. 


BUT, TRANSFORMING. SILICON INTO SOLAR. 
CELLS IS AN EXPENSIVE. PROCESS THAT 
REQUIRES CONSIDERABLE. ELECTRICITY. 


HOW SOLAR CELLS WORK 


LIGHT CONSISTS OF PACKETS OF ENERGY 
CALLED PHOTONS THAT TRAVEL IN A WAVE- 
UKE FASHION. WHEN PHOTONS STRAKE 
SILICON ATOMS. THEY DISLODGE ELECTRONS. 
THE MISSING ELECTRONS LEAVE BEHIND 
POSITIVELY CHARGED ATOMS. THESE ATOMS 
ATTRACT FREE ELECTRONS IN THE SILICON. 
THIS RANDOM MOVEMENT OF ELECTRONS 
CAN BE CONVERTED INTO A Flow oF 
ELECTRONS IF A PN TUNCTION IS 
FORMED. IN THE SILICON. ELECTRONS 
DISLODGED BY PHOTONS NEAR THE PN 
TUNCTION. ARE ATTRACTED To THE P 
SOE OF THE TUNCTION. THE RESUCT IS 
A. Flow OF ELECTRICAL CURRENT WHEN 
LIGHT IS PRESENT. THE LEVEL oF 
CURRENT IN AMPERES |S DIRECTLY 
PROPORTIONAL TO THE LIGHT INTENSITY. 
THE PoTENTIAC OF THE CURRENT IW VOLTS 
(S UNRELATED TD THE LIGHT JNTENSITY. 
ATYPICAL SILICON SOLAR CELL GENERATES 
O.4S TO. 0.SS VOLT IN DIRECT SUNLIGHT. 


| __ curRRENT SUN 
FLOW 


MSOLAR CEM FFFICIENGY Tr 


(© EVERY PHOTON STRIKING A. SOLAR (CELL! 
DISLODGES AN ELECTRON, THE CEC WILK) | 
TRANS FORM. NEARLY 100 % OF) THE LIGHT | 
THAT STRIKES [Tinto ELECTRICITY. THE) | | 
ACTUAL EFFICIENCY OF REAL SOLAR CELLS TTY 
Is FROM. ABouT 5% To 20%. tHeee ARE | |_| 
SEVERAL REASONS FoR REDUCED EFFiciENCY: |_| 


Sun) eee 

SOME LIGHT IS REFLECTED | | |_| 
AWAY) FROM THE FRONT. 
SURFACE OF THE CELL | 1 


BLOCKED 8Y THE. 
CONTACTS. 


3.SOME LIGHT 1s ABSORBED | | 
PX BerorE iT REACHES THE) | | | 
CELCS PN. TuNCTION. mt | 


j BM 
so > 
14 


NLL” Hl sovar célts Ser écr ony ||| | 


PART OF THE SOLAR SPECTRUM, as 


pokane [PN JLACTION 


Po 
RESPONSE OF 


Siuicon ce PEAKS |) | NI 
IN THE NEAR INERARED |_| 


SUNLIGHT PEAKS. 
HERE Tepe 


SENSITIVITY 


za) 4 meet 4 ems 
300.400. 50. _4>D._200._.Bad_900_|_ Loma, |_| 


WAVELENGTH Cam) |) Macc 
{ft 4 


SILICON SOLAR CELL RATINGS 


IT1S IMPORTANT TO READ AND UNDERSTAND 
SOLAR CELL RATINGS, ESPECIALLY WHEN THE 
CELLS ARE TO BE USED TO CHARGE A STORAGE 
CELL OR BATTERY. 


SILICON ‘SOLAR CELL VOLTAGE 
6 


NOTE THAT THE VOLTAGE FLATTENS 


-5/ AS THE LIGHT INTENSITY INCREASES 
w4 
¥ 1 
4 a] OPEN CIRCUIT CMO LOAD 
a u ACROSS SOLAR CELL) 
$2 

i “Tssiehaie echt CONNECTED 
yt be,” ACROSS A 50-OKM RESISTOR 
w 
u 


Oj 2) 2) 3 ws) 62 Be to 
LIGHT INTENSITY 


INCREASING SOLAR CELL VOLTAGE 


WHEN SOLAR CELLS ARE USED. TD CHARGE 
STORAGE CEUs OR BATTERIES , SEVERAL 
CELLS MUST BE CONNECTED IN SERIES TO 
OBTAIN A SUFFKIENTLY HIGH VOLTAGE. 


FARE SLARS RES. aS OES wm 


OSV + OSV + OSV t OSV + OSV=2,5y¥ 


TYPICAL SERIES ARRAY: 
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A-STRING GF SOLAR CELLS CONNECTED IN. 
SERIES OR In) PARACLEL (SEE BELOW) IS 
CALLED AN ARRAY... ALL THE CELLS. IN AN 
ARRAY SHOULD BE EQUALLY ILLUMINATED. 
SHADING ONE CELL IN A @,S-VOLT ARRAY. 
DROPPED THE OUTPUT To &.2 VOLTS. 


SILICON SOLAR CELL CURRENT 
1s0 


THIS _GRAPA. SHOWS THE 
CURRENT FROM A) SILICON 
SOLAR CELL FOR A |RANGE 
OF LOAD RESIS TANCES, 
THE. SAME. SOLAR CELL. WAS 
USED. TD. PRODUCE THIS 
GRAPH AND THE ONE ON 
TRE FACIA)G PAGE. OTHER 
CEULS MAY. GIVE) SOMEWHAT 
DIFFERENT RESULTS, 


f 


QO 10 20 30 40 SO 60.70 80490 1100. 
LOAD ACROSS CELL. CoHmS) 


INCREASING SOLAR CELL CURRENT 


CONNECTING SOLAR CELLS IN PARALLEL 
INCREASES. THE OUTPUT CURRENT. THIS, (5 
ESPECIALLY USEFUL WHEN. CHARGING LARGE 
STORAGE @ATTERIES. 


tae et 2 


SOwA + SOMA+50mA + SOmA + SOmA=250 mA. 
TYPICAL PARALLEL ARRAY: 


is 


SOLDERING LEADSTO SOLAR CELLS 


SOLAR CELLS OR SOLD WITH OR WITHOUT 
LEADS. SOLDERING LEADS TO SOLAR CELLS IS 
TRICKY, BUT YOU CAN SAVE MONEY IF YOu ARE 
WILLING TO SOLDER THE LEADS YouRSELF 
USING THE REFLOW. SOLDERING METHOD 
DESCRIBED HERE. 
SOUSE CARE. 


SUITABLE SOLDERING [ROWS AND SOLDER 
ARE AVAILABLE FROM RADIOSHACK. SELECT A 
LoW-WATTAGE IRON. OF ASoUT 15 TD 30 WATTS, 
USE. 0.032- INCH OR SMALLER ROSIN CORE 
SOLDER. DO NoT USE AciD-CORE SOLDER. 


BE SURE TO TIN THE TIP OF THE SOLDERING 
IRON. FIRST, ALLOW THE IRON TO BECOME 
HoT ENOUGH TD MELT SocDER. THEN, MECT 
SOLDER OVER THE TIP OF THE SOLOERING 
\RON. CAREFULLY BRUSH OFF THE EXCESS 

SOLDER WITH A SOFT CLOTH. AVOID SPLASHING 
SOLDER ON YOURSELF OR OTHERS. A PROPERLY 
TINNED TIP WILL APPEAR SMOOTH AND SHINY. 


FOLLOW THESE STEPS TO SOLDER LEADS 
TO A SOLAR. CELL: 


d. Fino A SAFE PLACE TO WORK. IT IS 
ESPECIALLY IMPORTANT THAT THE SOLDERING 
IRON’S POWER CoRD BE SAFELY PLACED. sO 
BE SURE AN ELECTRICAL OUTLET |S NEARBY. 
CAUTION: A HOT SOLDERING IRON CAA) BURN) 
SKIN, OR CLOTHING ! 


2. SILICON SOLAR CELLS HAVE ELECTRODES 
ON BOTH SIDES. THE ELECTRODE _ ON THE LIGHT— 
SENSITIVE, UPPER SURFACE ISA THIN) STRIP 
OF METAL ALONG ONE EDGE OF THE CELL, 
PLACE THE CELL WITH THE TOP SIDE UPON 
YouR WORK SURFACE CA PIECE OF ScRAP Wood 
{S BEST) AND USE A PIECE OF MASKING TAPE To 
HoLD IT IN PLACE WHILE YOu SOLDER. 

1G 


SOLAR CELLS ARE FRAGILE, 


jai is anh mk hh lh ia 


3. WHEN THE SOuDERING IRON, IS HOT, 
GENTLY Touch THE EDGE OF THE TIP TO ONE 
END OF THE UPPER ELECTRODE. LIké THIS: 


MASKING 
TAPE 
Lae 
UPPER SOLDERING 


IRON 


4. AFTER A SECOND OR SO, TOUCH THE END 
OF A LENGTH OF SOLDER "TO WHERE THE 
SOLDERING IRON TOUCHES THE ELECTRODE, 
ALLOW SOME SOLDER TO MELT ONTO THE 
ELECTRODE AND REMOVE THE IRON. 


5. REMOVE ABOUT 0.2 INCH.CS mm). OF THE 
INSULATION FROM THE END OF SOME 
WRAPPING WIRE. PLACE THE EXPOSED END OF 
THE WIRE ALONG THE TOP OF THE SOLDER THAT 
You MELTED ONTO THE ELECTRODE AND THEN 
GENTLY PRESS THE SOLDERING /RON AGAINST. 
THE WiRE AND REMELT THE SOLDER. WHEN 
THE WIRE PUSHES INTO THE MOLTEN SOLDER, 
HOLD THE WIRE VERY STILL AND. REMOVE 
THE SoLDERING IRON. 


SOLAR 
CELL 


SOLDERING 


SoLpeR 


GENTLY 
REMovE THE TAPE, FLIP THE CELL OVER AND 


G, AFTER THE SOLAR CELL cools, 


TAPE iT IN) PLACE AGAIN. FoLLoWw STEPS 3-5 
ABOVE TO SOLDER A LENGTH OF WRAPPING 
WIRE To THE BAck ECECTRODE. AFTER THE 
WIRE SINKS INTO, THE MOLTEN SOLDER , BE 
SURE TO KEEP THE WIRE VERY STILC WHILE 
THE SOLDER Cools. + 
| 


MOUNTING SOLAR CELLS 


SOLAR CELLS ARE AVAILABLE UNMOUNTED oR 
INSTALLED, IN VARIOUS KINDS OF PROTECTIVE 
ENCLOSURES. IT's BEST TO INSTALS 
UNMounTED CELLS IN AN ENCLOSURE oR 
TO MOUNT THEM ON A PROTECTIVE PANEL, 
Two METHODS THAT I HAVE USED ARE 
DESCRIBED HERE. 


ADVANTAGES OF MOUNTED CELLS 
4, SOLAR CELLS ARE BRITTLE AND EASILY 
BROKEN. MOUNTING THEM GREATLY 
REDUCES THE RISK OF BREAKAGE. 

2. WIRE LEADS SOLDERED TO. A SOLAR CELL 
ARE EASILY PULLED AWAY. MOUNTING THE 
CELL WiLL PROTECT THE LEADS. 


BAN ENCLOSURE OR PANEL CAN BE MOUNTED 
ON THE CIRCUIT [TIS DESIGNED TO PowEéR- 


4. An ENCLOSURE, oR PANEL PROTECTS THE 
SOLAR. CELL(S) FROM MoisTURE AND Dust. 


INSTALLING CELLS IN AN ENCLOSURE 


ONE OR MORE SOLAR CELLS CAN BE EASILY 
INSTALLED IN A TRANSPARENT BOX, 


PLASTIC CELL VIEW OF THE SUN 


Box Sah OR LIGAT souRCE 


CLEAR SOLAR ae: UNORSTRUCTED 


FOAM 
PLASTIC 
Cushion, 
HOLDS 
CELL IN 
PLACE 


SOLAR cer. Re 
Ss 


ere) 


THE DRAWING ON THE FACING PAGE SHOWS 
A SOLAR CELL SANDWICHED BETWEEN A FOAM. 
PLASTIC CUSHION AND THE LID OF A CLEAR 
PLASTIC Box. You CAN ALSO SANDWICH, THE 
CELL(s) BETWEEN THE LID AND A | PLASTIC OR, 
CARDBOARD LINER INSERTED IN THE LID AND 
CEMENTED IN PLACE. 


I PAVE USED INDIVIDUAL RADIOSHACK SOLAR 
CELLS |NSTALLED, IN PLASTIC BOXES AS 
LIGHT SENSORS WITHOUT EVER DAMAGING 
A CELL OR BREAKING ITs LEADS. SERIES OR 
PARALLEC ARRAYS OF CELLS CAN BE INSTALLED 
IN LARGER PLASTIC BOXES. SOLDER THE CEUS 
TO ONE ANOTHER WITH SHORT LENGTHS oF 
WRAPPING WIRE. SECURE THE CELLS. IN 
PLACE AS SHOWN ON THE FACING PAGE OR 
USE A LINER AS DESCRIGED ABOVE. BE 
SURE THE CONNECTION WIRES Do NoT BLOCK 
ANY OF THE CELLS. 


MOUNTING SOLAR CELLS ON A PANEL 


FOR MANY YEARS I HAVE USED HOMEMADE 
SOLAR CELL PANELS TO CHARGE FLASHLIGHT 
CES ON BICYCLE TRIPS. HERE'S | How 
THEY ARE MADE: 


PLACE A CLEAR ACRYLIC. OK TO 

BEAD OF MOUNT 
SILICONE BATTERY 
CEMENT HOLDER 
AROUND. AT END 


cEuS 


OF PANEL 


SOLAR CELL CONCENTRATORS 


A SOLAR CELL. CONCENTRATOR INCREASES. 
THE AMOUNT. OF LIGHT COLLECTED, BY A 
SOLAR CELL. CONCENTRATORS ARE BEST 
USED. IN APPLICATIONS IN WHICH SOLAR 
CELLS ARE USED As LIGHT SENSORS FOR 
NARIous CIRCUITS. RATHER THAN POWER 
GENERATORS. A CONCENTRATOR CAN BOOST 
TRE PowER FROM A SOLAR CELL ILLUMINATED 
BY SUNLIGHT. BUT CONCENTRATORS ARE 
NoT ALWAYS PRACTICAL FOR THIS PURPOSE 
SINCE THEY CAN. CAUSE A CELL TO BECOME 
OVERMEATE D. 


PARABOLIC REFLECTOR 


LARGE. FLASHLIGHTS. THAT USE. REPLACEABLE 
BuLes CAN BE USED AS CONCENTRATORS 
FOR SOLAR CELLS. MounT Two CELLS 
BACK-TO-BACK WITH DOUBLE SIDED TAPE. 
CONNECT THE Plus LEAD OF ONE CELL TO 
THE NEGATIVE LEAD OF THE SECOND CELL, 
EXTEND THE REMAINING LEADS THROUGH 
THE LAMP. OPENING. USE AN ADHESIVE 
TO SECURE THE CELLS INSIDE THE 
REFLECTOR. THE FLASHLIGHT CASE HAS 
PLENTY OF ROOM. TO INSTALL MANY. KINDS 
OF LIGHT ACTUATED CIRCUITS. 


REFLECTOR 
\ ease 
SH 
fot a 
= Fort 
END VIEW SIDE WEW 


CEMENT SOLAR CELL 
LEADS To LAMP OPENING 


PAIR OF BACK-TO-BACK. 
SOLAR. CELLS 
20 


~FRESNEL LENS 


AELAT PLASTIC | 
FRESNEL LENS IS 
AN EXCELLENT 
CONCENTRATOR 
FOR A SOLAR, 
CELL. WITH LENS 


IN-A HOUSING, 
THERE WILL BE 


ELECTRONIC. JPLENTY OF SPACE 
-CIRCUIT (FOR CIRCOUTRN. 
TROUGH CONCENTRATOR 
SOLAR CELL. 
|ARRAY 
AM 
a 


TROUGH CAN BE PLASTIC OR SHEET METAL 
LINED WITH. SHINY. ALWMINUM TAPE. 


BOX CONCENTRATOR 


ALUMINUM. 
Foil or 
SHINY. 
ALUMINUM 
TAPE 


SOLAR CELL 


MAKE gox FROM PLASTIC OR SHEET METAL. 
FOR BEST RESULTS. 4 


AIND CELL INSTALLED 


SOLAR CELL BATTERY CHARGERS 


LEAD-ACID AND NICKEL CADMIUM. CNiCd) 
ARE THE MoST COMMON STORAGE BATTERIES. 
CERTAIN ALKALINE , LITHIUM AND OTHER. 

TYPES CAN ALSO BE USED AS RECHARGEABLE 
STORAGE BATTERIES. WHEN CHARGING 

A STORAGE BATTERY You MUST OBSERVE 
SEVERAL PRECAUTIONS TO AVOID DAMAGE 

TO THE SATTERY OR ONE OF ITS CEUs. 
THESE PRECAUTIONS WILL ALSO GREATLY 
REDUCE THE PossigiLiTy OF FIRE OR EVEN 
EXPLOSION, WHICH. CAN OCCUR WHEN A 
STORAGE BATTERY IS IMPROPERLY CHARGED. 


STORAGE BATTERY PRECAUTIONS 


1. CHARGE oN. CELLS AND BATTERIES 
DESIGNED TO BE RECHARGED. CAUTION: 
NEVER ATTEMPT TO. CHARGE OTHER KINDS 
OF BATTERIES! THEY MAY OVERHEAT, 
SWELL AND Poss igcey EXPLODE. 


2. NEVER ExcEED THE MAKIMUM ALLOWED 
CHARGING CURRENT FOR A_ STORAGE 
CEU oR BATTERY. INSTEAD OF REDUCING 
TRE CHARGING TIME, THE CELL OR THE 
BATTERY MAY B& RUINED. 


3. CHARGE MULTIPLE STORAGE CELLS In 
SERIES INSTEAD OF IN) PARACLEL. 


+ pepe | 


4. KEEP BATTERIES AWAY FROM. DIRECT 
SUNLIGHT WHILE BEING CHARGED, 

454 
5S.1F_A BATTERY BECOMES HOT WHILE BEING 
CHARGED, IMMEDIATELY DISCONNECT IT OR 
REMOVE iT FROM THE SOLAR CHARGER. 
pic IT TD COOL BEFORE USING IT. 


CELLS IN 
SERIES? 


&. NEVER SHORT THE TERMINALS OF A 
STORAGE CELL OR BATTERY! STORAGE CELLS 
HAVE A VERY Low INTERNAL RESISTANCE . 
THIS MEANS THEY CAN PRODUCE A VERY HIGH 
CURRENT IF THEIR TERMINALS ARE SHORTED. 


STORAGE 
GAT TERY 


i 
CAUTION + 


Do WoT SHORT 
THE TERMINALS 
OF A STORAGE 
CELL OR BATTERY 
WITHA NAIL, 
COIN, METAL 
Fol. OR OTHER 
ConbucTOoR. 


7. USE TAPE TO INSULATE. THE EXPOSED 
TERMINALS OF STORAGE CELLS AND 
BATTERIES. OTHERWISE THE TERMINALS 
MIGHT BECOME AcCIDENTALLY SHORTED 
TOGETHER. WHEN PossiBLE, USE AN 
INSULATED BATTERY HOLDER OR CONNECTION 
CLIPS WITH INSULATED LEADS. 


Q. IT'S BEST TD CHARGE NICKEL CADMIUM 
STORAGE CELLS AND BATTERIES WHEN THEY 
ARE FULLY DISCHARGED. THIS INCREASES 
THE TIME THESE CEUWS WILL FUNCTION 
BETWEEN CHARGES. 


9. NEVER GUESS ABOUT THE SPECIFICATIONS 
OF AN. UNKNOWN OR UNMARKED BATTERY. 
THE SPECIFICATIONS of BATTERIES SOLD BY 
RADIOSHACK ARE LISTED IA) THE RADIOSHACK 
CATALOG. You CAN FIND THE SPECIFICATIONS 
OF BATTERIES VIA THE WoRLD Wipe WEB, 
BEGIN YouR SEARCH. BY SELECTING ONE 
OF THE WES SEARCH ENGINES. TYPE IN) 
THE MANUFACTURER'S NAME AND THE 
WoRD "BATTERY" oR “cELL" TO NARROW 
YOUR. SEARCH. ae 


SOLAR CELL BATTERY CHARGERS 
SERIES ARRAYS OF SOLAR CELLS ARE USED TO 
CHARGE STORAGE cEUS AND BATTERIES. THE 
ARRAY MUsT GENERATE A SLIGHTLY HIGHER 
NOLTAGE THAN THAT OF THE BATTERY BEING 
CHARGED. HERE ARE THE NUMBER OF SERIES - 
SONNECTED CELLS COMMONLY USED TO CHARGE 
SOME POPULAR, RATTERY CONFIGURATIONS: 

4 4.2-voLT NiCd CELL - 4 SOLAR CELLS 
2-1.2-VOLT NiCd CELLS IN SERIES — 4 SOLAR CELLS 
4 L2-vOlT NiCd CELLS IN SER\ES —18 SOLAR CELLS 


4.12-VoLT, LEAD-AcID BATTERY —36 SOLAR CELLS 


SOLAR 2*AA CHARGER 


t—— SOLAR Cele 
ARRAY 


Ba 
Lov. 


Bu 
4.2v 


bi 
4n9i4 


THIS CIRCUIT WILL CHARGE 2 AA NiGd celcs. 
IF THE (CELLS ARE FULLY DISCHARGED, SOLAR 
CELLS THAT GENERATE SO TO 100 mA’ wie 
CHARGE THE CECLS IN ABOLT S TO & HOURS. 


Di PREVENTS THE NiCd CELLS FROM 
pschegels THROUGH THE. SOLAR CELLS. 
4 


E 


ik 


imi 


SOLAR BATTERY CHARGER TIPS (7 : 


41. NEVER EXcEED THE RECOMMENDED CAARGE 
RATE. FOR A STORAGE CELL. i 


_2.INCREASED. CURRENT REDUCES CHARGING, 
TIME. CHECK THE BATTERY’S SPECIFICATIONS 


TO FIND THE MAXIMUM ALLOWABLE CURRENT, 


3.00 NoT USE A SOLAR ARRAY THAT |_| 


DELIVERS Too MUCH CURRENT TO. THE eetis | | 


BEING CHARGED, 
4. SEVERAL TIMES A DAY REORIENT A SOLAR 


_ PANEL Sb \T FACES THE SUN. 


‘5. SOLAR CELLS WoRk BEST WHEN CooL. 


AVOID PLACING A SOLAR PANEL ON SURFACES. 


THAT £ECOME HOT IN SUNLIGHT, SUCH AS. 


_ PAVEMENT OR DARK PAINTED METAL, 


G. STORAGE BATTERIES CAN BE MOUNTED 
ON THE BACK SIDE OF A SOLAR |PANEL, BUT. 
TARY. WORK BEST WHEN KEPT INA Cooler 


“LOCATION WHILE BEING. CHARGED... 


MONITORING A SOLAR CHARGER 


You CAN MEASURE THE CURRENT FROM A 
SOLAR PANEL WiTA A MULTIMETER. 


1. CONNECT A MULTIMETER SET TO MEASURE 
CURRENT BETWEEN) THE BLOCKING PIODE AND | 


THE BATTERY BEING CHARGED, BE Spee 
.TO_ORSERVE POLARITY, oR. 


2. CONNECT A 41-OUM POWER RESISTOR | [TT 
BETWEEN. THE BLOCKING. 010DE apg tHe tt 


BATTERY BEING CHARGED. USE A MULTI- 


__METER. TO MEASURE THE VOLTAGE Cv) ACROSS 


THE RESISTOR CR). FROM OHM’S LAW, CURRENT 
EQUALS N/R OR, IN THIS CASE, Mo 


TAKE A SOLAR CELL INTO SPACE ic wt 


SOLAR CELLS, ARE SENSITIVE TD ONLY PART 

OF THE SOLAR SPECTRUM. THEREFORE A SOLAR 

CELL CAN NoT MEASURE THE POWER OF THE 

TOTAL AMOUNT OF SUNLIGHT AT THE TOP OF aT 
THE, ATMOSPHERE CTHE SOLAR CONSTANT), EVEN i 
IF You could TAKE ONE THERE. al 


ACCORDING TO SOLAREX, A MATOR SOLAR CELL 
MANUFACTURER, A SOLAR CELL PRODUCES 
ABouT +14.6 % MORE POWER IN SPACE THAN 
THE SAME CELL. PRODUCES ON EARTA. LET'S 
CALL THIS PERFORMANCE INCREASE A SOLAR 
CELUS SPACE EFFICIENCY. 


You DON'T NEED TD BECOME AN ASTRONAUT ml 


TO DETERMINE HOW MUCH MORE POWER A 
SOLAR CELL WILL PRODUCE IN SPACE, THE 


METHOD DESCRIBED HERE WILL REVEAL A rT 


SOLAR CELL'S SPACE EFFICIEACY FROM EARTH. 
FOLLOW THESE STEPS: 


d.MouUNT A SOLAR CELL AT THE END OF A 
PYc. OR CARDBOARD TUBE: 


LINE WITH BLACK CONSTRUCTION PAPER 


SOLAR CELL 
A sHourp 86 AT LEAST S Times d. 


USE DOUBLE SIDED TAPE To ATTACH! A BARE 
SOLAR CELL TO A THIN CARDBOARD Disk. USE 
DARK TAPE To ATTACH THE CELC AND DISK 
TO THE END OF THE TUBE. ALTERNATIVELY, 
INSTALL THE SOLAR CELL IN A THIN, CLEAR 
PLASTIC BOX AND TAPE THE Box. TD THE 
END OF THE TURE. IF THE SOLAR CEL IS 
LARGER THAN d, THE EXPOSED PORTION 
pe ME CELL MUST BE SHIELDED FROM LIGHT. 


ONE WAY IS TD WRAP THE SOLAR CELL END 

OF THE TURE WITH ALUMINUM Foil. TAPE 
THE FOIL JO THE SIDE Of THE TUBE. BE SURE 
IT DOES NOT SONNECT TOGETHER. OR SHORT 

“TRE SOLAR CELL LEADS. 


2. CONNECT THE SOLAR CELL LEADS Across 
A. 100-OHM RESISTOR. TAPE THE RESISTOR. 
TO THE SIDE OF THE TURE AS SHOWN: 


100-OHM RESISTOR TAPE 


SUNLIGHT 


3.0N A CLEAR DAY MEASURE THE VOLTAGE. 
ACROSS THE 100-O0HM RESISTOR WHEN THE 
TUBE IS POINTED DIRECTLY AT THE SUN. THE 
TUBE IS PROPERLY POINTED WHEN. ITS SHADOW 
DISAPPEARS. AND WHEN THE VOLTAGE AcRosS 
THE 100-OHM RESISTOR REACHES A PEAK. 


MAKE MEASUREMENTS. FROM EARLY MORNING 


[TD Noon OR FROM NOON TO LATE AFTERNOON, 


\F YOU Do NOT HAVE INTERNET ACCESS You 
WILL NEED TO MEASURE THE ANGLE OF THE 
SUN OVER THE HORIZON AT EACH MEASUREMENT. 
RECORD YOUR DATA IN A NOTEBOOK UNDER, 
THESE HEADIN GS: 


DATE. 
LOCATION : (TOWN AND cooRDINATES) 
SKY CONDITION! CcLeaR? B.WvE 2 
OBSERVER: (YOUR NAME) 


SIGNAL 
(in) 


SUN. 
ANGLE 


AIR 


GWoers) MASS 


| 


“Time |giswat 


2 


4. AIR MASS (Cm) 1S THE THICKNESS OF THE 
ATMOSPHERE BETWEEN YOU AND THE SuAl. 
m= 1./S5IN 6, WHERE 6 |S THE ANGLE OF THE F 
SUN ABOVE THE HORIZON, FIND m FOR EACH ma 
TIME YOU MADE A MEASUREMENT. USE THE Sun) 3 
ANGLES You MEASURED. OR VISIT A SEARCH a 
ENGINE ON THE woRtD WIDE wes AND ENTER al 
"SUN ANGLE CALCUCATOR." CHECK THE WES 

SITES AND SELEcT A CALCULATOR You LIKE, gi 
FOLLOW THE INSTRUCTIONS TO FIND THE SUN i 
ANGLE FOR EACH TIME. CALCULATE Mm FOR EACH : 
ANGLE AND ENTER THE RESULTS IN YOUR NOTEGOOK. 


5.USE THE LN KEY ON A SCIENTIFIC 3 
CALCULATOR TO CONVERT THE SIGNALS You 
MEASURED TO THEIR NATURAL LOGARITHMS. E 
ENTER THE RESULTS IN YouR NOTEBOOK, =) 
HERE ARE SOME OF MY RESULTS: | 


DATE. FEBRUARY 21, 1999. _ 
LOCATION: GERONIMO CREEK, TEXAS 
SKY CONDITION: CLEAR AND. BLUE 
OBSERVER: FORREST M. MIMS Or 


TIME |augwat sicnac| suv. | aig 
OLT'S) Gen) ANGLE MASS 

P 185020] 4.40. Lod 
P tule:ool 4.44 | 4.49071 2539°] 2.33 


(.GRAPA THE LN OF THE SIGNALS AND THEIR 
AIR MASSES. HERE'S MY GRAPH: 
1.8 
1.7 


THIS (S CALLED A LANGLEY 


Z te GRAPH IN HONOR OF 
4s 29 SAMUEL LANGLEY 
Sa ° 
NS, G 
4.12 
Salt 
W_{4lo 
aE we | 
AIR hazel Cub is 
78 a 


iE THE SKY WAS CLEAR, THE. POINTS. BETWEEN 
AN AIR MASS OF ABOUT 270. SHOULD. FORM. 
A STRAIGHT LINE. DRAW A LINE THROUGH 
THESE POINTS AND EXTEND_IT TO THE 
(VERTICAL) AXIS OF THE GRAPA (AIR MASS= 0), 
THE LN OF THE SIGNAL THE SOLAR CELL 
WILL PRODUCE ABOVE THE ATMOSPHERE , THE 
CELL'S EXTRATERRESTRIAL CET) CONSTANT, 
(S WHERE TRE LINE CROSSES THE Y AXIS. 


4.8 ET CONSTANT =4.7005. FIND THE 
a AD EXACT NVALDE WITH THE LINEAR 
Z Ase REGRESSION FUNCTION OF A 
ee HS SCIENTIFIC CALCULATOR 
=t—piid OR COMPUTER 
PM ris SPREADSHEET. 
by mre 
ot Pa 
iyfilof 

Oli latsig tel ¢ iy tse 
A 


VR MASS Cm) 


7.USE THE €* KEN OF YOUR, CALCULATOR TO 
CONVERT THE LN OF THE HIGHEST SIGNAL AT 
OR NEAR NOON AND THE ET SONSTANT TO 
THEIR ANTILOGS. DIVIDE THE ET CONSTANT 
BY THE NOON SIGNAL, SUBTRACT) 1 AND ADD 
A% SIGN. THIS IS THE SOLAR cELL’S SPACE 
BESiciENCY, THE INCREASE IN PERFORMANCE 
THE CELL WILL PROVIDE. IN SPACE. THE SOLAR 
CELL IT MEASURED HAS A SPACE EFFICIENCY OF 
+10.9.%.. THiS (S_ REASONABLY CLOSE TO THE 
+14.4%_ GIVEN BY SOLAREX. SOME OF THE 
DIFFERENCE Is BECAUSE THE LANGLEY METHOD 
WORKS BEST WITH A NARROW GANID OF 
WAVELENGTHS AND A SOLAR CELL DETECTS 
FROM ABouT 400. TO 1100 NANOMETERS). 
DIFFERENCES ARE ALSO CAUSED BY DIFFERING 
AmMounTS OF wATER VAPOR AND HAZE 
WHEN THE TESTS WERE CONDUCTED. WATER 
VAPOR \s ESPECIALLY IMPORTANT SINCE UT 
ABSORGS Some NEAR INFRARED TD WHICH 
SOLAR CELLS ARE VERY SENSITIVE. 44 


SOLAR POWERED MOTORS 
SMALL DC MOTORS CAN BE POWERED 8Y 
SOLAR CELLS. SOME MOTORS REQUIRE ONLY A 


SINGLE CELL AND BRIGHT SUNLIGHT. MosT 
REQUIRE AN ARRAY OF SOLAR CELLS. 


BASIC SOLAR POWERED MOTOR 


+ A SINGLE SOLAR CELL GENERATES 


Es ENOUGH CURRENT TO POWER 
fd MOST SMALL D@ MOTORS. ADD 
n CELLS IN SERIES IF MORE 

id 7 VOLTAGE |S REQUIRED. 


HIGHER POWER SOLAR MOTOR 


ASOLAR CELL ARRAY THAT POWERS A 
MOTOR ON A BRIGHT SUMMER DAY MAY NoT 
PROVIDE ADEQUATE POWER DURING WINTER. 
THIS CIRCUIT FEATURES TWO SERIES ARRAYS 
CONNECTED IN PARALLEL TO PROVIDE DoUBLE 
TRE CURRENT PRODUCED BY A SINGLE ARRAY. 
\F IDENTICAL 0.5 VOLT CELLS ARE USED AND 

IF EACH PRODUCES SOmA IN BRIGHT SUNLIGHT, 
THEN. THIS ARRAY WILL PROVIDE ( VOLTS 
(12.cEULS ¥ 0.5 Volt) AND 100.mA. 


© Si: ON = © VOLTS AT 100 mA (ar sOmA/ceL) 


OFF= ( VOLTS AT SO mA 


REVERSIBLE’ SOLAR MOTOR 


A REVERSIBLE SOLAR PowERED. MOTOR HAS 
APPLICATIONS. IN ROBOTICS AND TRACKING 
THE SUN. THE ROTATION. OF THE) MOTOR: BELOW 
1S CONTROLLED BY WHICH OF TWO SOLAR 
ARRAYS IS. ILLUMINATED. WHEN) BOTH ARRAYS 
ARE EQUALLY ILLUMINATED, THE MOTOR 
DOES NoT ROTATE. 


IF ILLUMINATING THIS. 
TS. ARRAY CAUSES THE MoroR 
TO ROTATE CLOCKWISE... 


see ILLUMINATING | THIS 
‘z. ARRAY CAUSES THE MOTOR 
TO ROTATE COUNTER CLOCKIMSE, 


7) “ 
SOLAR MOTOR WITH BATTERY BACKUP 


EVEN A BRIEF INTERRUPTION OF DIRECT 
SUNLIGHT WILL SLow OR EVEN STOP A 
SOLAR POWERED MoTOR. A STORAGE BATTERY 
CONNECTED ACROSS THE MOTOR'S SOLAR 
CELC ARRAY will PROVIDE BACKUP POWER. 


asia 


Bi MusT BEA 
SOLAR CECL STORAGE BATTERY. 


ARRAY Si D4 Bi 


© i jc 
CLOSE srt "| pis Rate Must excep 
FOR BACKUP. PEAK SOLAR ARRAY CURRENT] 


st 

ob ~ 
POWER LOW CURRENT 
SWITCH 


DC _MOTOR 


SZ Gm4oo1, eT.) 
Fomes = 
Low) CURRENT 


DC MOTOR 


PoweER 
SWiTCH 


t 


#4 


SOLAR ACTUATED MOTORS 


SOLAR CELLS HAVE MANY APPLICATIONS. IN 
ROBoTICS AND CONTROL. THE CIRCUITS. 
SHOWN HERE SWITCH SMALL DC MOTORS ON 
OR OFF WITH SUNLIGHT. SOME ARE SO 
SENSITIVE THEY CAN BE TRIGGERED WITH A 
SMALL. FLASHLIGHT OR LASER POINTER. 


POWER FET ACTUATOR (1) 


TAS CIRCUIT WILL 
DRIVE A SMALL De. 
MOTOR WHEN TRE 
IRFSiO POWER 
MOSFET \S_SwiTCHED 
ON WITH ABouT 4 
VOLTS FROM. A 
SOLAR SELL ARRAY. 
THE IRFS10 CAN, 
ORIVE A MOTOR THAT 
CONSUMES UP TO 

2 AMPS. +V SHOULD 
NoT EXCEED THE, 
MoToR'S. RATING. 


OLAR CELL 
ARRAY > 


TRANSISTOR ACTUATOR 
+9 


TALS CIRCUIT 
USES A REVERSE 
BIASED SOLAR 
CELL TO SENSE 
LIGHT. RL 
CONTROLS THE 
SENSITIWITY. 
USE CIRCUIT 
TO. ACTUATE, 
SMALL DC 
MoTOR (ith 
TO & voLTs). 


RY1- 
= __ RADIOSHACK 275-005" 
32 


POWER FET ACTUATOR (2) 
+N 


THIS. CIRCUIT. WILL 
DRIVE A SMALL DC 
MOTOR WHEN THE 
IRFSiO POWER MOSFET 
\S SWITCHED ON, BY 
THE VOLTAGE DIVIDER 
FORMED BY THE SOLAR 
CELL AND R1, ADJUST 
RL TO CONTROL SENSITIVITY. 
THE IRFS1O WILL ORE 
A_ MOTOR THAT CONSUMES 
UP TO 2 AMPERES. +V 
SHOULD NoT EXceED 
THE MOTOR'S. RATING. 
USE SUNLIGHT, FLASHLIGHT. 


Qi 
IRF510 


= oR LASER POINTER, 


OP AMP -POWER FET ACTUATOR 


+V 


THIS CIRCUIT ALSO SWITCHES A SMALL BC 
MOTOR WiTH AN IRFS10 PowER MOSFET. 
ADDITIONAL FLEXIBILITY IS PROVIDED BY THE. 
TLOS2. OP AMP. R14 CONTROLS THE SWITCHING 
THRESHOLD AND R2 CONTROLS THE GAIN. 


+N SHOULD NOT EXCEED THE MOTOR'S RATING. 


33 


SOLAR CELL LIGHT METERS 


THE PHOTOCURRENT. FROM _A SILICON SOLAR 
CELL IS LINEAR WITH RESPECT TO LIGHT. 
INTENSITY. THIS MEANS SOLAR CELLS MAKE 
EXCELLENT SENSORS FOR LIGHT METERS. 
THE APPLICATIONS SHOWN BELOW ARE FOR 
LIGHT METERS MADE FROM A SOLAR CECL 
AND A RADIOSHACK MULTITESTER. 


LIGHT METER. (VOLTAGE TYPE) 


ANALOG OR. DIGITAL 


MUCTIMETER SET TO 
MEASURE VOLTAGE 


THE VOLTAGE PRODUCED BY A SOLAR CELL 
IS MoT LINEAR WITH RESPECT TO. LIGHT 

IN TENSITY, THIS ARRANGEMENT MEASURES 
THE PHOTOCURRENT CIp) FROM A SOLAR 
CELL, WHICH IS LINEAR. FROM OHMS LAW, 
THE CURRENT THROUGH A RESISTOR IS V/R. 
IF Ri IS 10 OXMS AND THE VOLTAGE AcRoss 
R1 1S 0.42 \VortT, THEN Ips 0.42/10 oR 
0.042 AMPERE C42 mA), 


LIGHT METER (CURRENT TYPE) 


ANALOG OR DIGITAL 
MULTIMETER SET TO 
MEASURE CURRENT 


THIS ARRANGEMENT 
DIRECTLY MEASURES SOLAR CELL PHOTOCURREAT. 
34 


THIS RADIOMETER 
Ri MEASURES. A. VERY 
Ri-R7 ARE. 10m WIDE RANGE, OF 
FEEDBACK RESISTORS LIGHT LEVELS. FoR 
REST RESULTS, 
INSTALL cIRCULT 
AND. SOLAR CELL 
IN. AN ENCLOSURE. 
KEEPS LEADS To 
BATTERY AND R1- 
R22 SHORT To 
AVOID OSCILLATION. 


IN USE, SET S4 
CMutT I= Pos iTION 
ROTARY SWITCH , 
RADIOSHACK 275-1385) 
TO LOWEST GAL 
SETTING Go). wira 
SOLAR CELL. DARK, 
ADSUST RB UNTIL. 
METER INDICATES. 
LOWEST VOLTAGE. 
ALLOW LIGHT TO 
ILeuriirJATE Solar 
CELC AND, ADJUST 
Si TO TAE MosT 
APPROPRIATE GAIN, 


MUCTIMETER 
SET TO 
MEASURE 

DC VOLTAGE 


100K cs 


TRE GAIN OF THE RADIOMETER EQUALS THE 
FEEDBACK RESISTANCE (R1-R72). THUS. WHEN RY 
Is SELECTED, THE RADIOMETER MucTIPLIES THE 
SOLAR CELL PHOTOCURRENT 10,000 TIMES. 
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SUNLIGHT ACTUATED RELAY 


A SERIES ARRANGEMENT OF SILICON 
SOLAR CELLS witt AcTIVATE A RELAY. 
THE SOLAR, CELL ARRAY MusT_ PROVIDE 
SUFFICIENT VOLTAGE AND CURRENT To 
OPERATE THE RELAY. THE ARRAY 
SHOWN HERE WIL PULL IN A Low 
CURRENT) RELAY. WITH A 7-To 9-VOLT Coll. 


1-TO 4-VOLT 
Low CURRENT 
RELAY 
(RADIOSHACK 
275-005. oR 
SIMILAR) 


EXAMPLE: A 7-TO 9- voeT RELAY 


USE INDIVIDUAL CELLS OR CONNECT 
APPROPRIATE NUMEER OF SOLAR 
ARRAYS IN) SERIES. 


IN TESTS OF PROTOTYPE 
CIRCUIT, THE RELAY PULLED IN 
EVEN WHEN THE ARRAY WAS 
TILTED SOMEWHAT AWAY FROM SUN). 


RELAY 


BLOCK PART OF THE ARRAY WITH AN OPAQUE 
COVER TO REDUCE SENSITIVITY, OR. 


USE tk 
Ky, N 78 lL POTENTIOMETER 
XN B Ra | SATED AT 
SS : POWER OF 
ARRAY. 
Be 


REQUIRES FROM 14 TO1B8 céus, 


LIGHT ACTUATED RELAY 


A SOLAR CELL GENERATES A PHOTOCUR RENT. 
WHEN ILLUMINATED. THE CIRCUIT SHOWN 


_ HERE AMPLIFIES THE CURRENT FROM. A SINGLE 


SOLAR CELL AND pRivesS A RECAY.. THIS. | 
CIRCUIT WILL WORK WITH A VERY SMALL SOLAR 
CELL AND Wite RESPOND TO VERY LOW 
LEVELS. OF LIGHT. | 


+9y 


I¢1- common RELAY-RADIQSHACK 275-005 


OP AMP. (744 ,€T), 


CONNECT THIS 
PAIR OF LEDs 
To THE RELAY 
TERMINALS To 
ImOICATE THE 
CIRCUIT STATUS. 


4%! rep (acruaren) 


WITH ROOM LIGHTS SUBDVED, ANIUST R3) UNTIC 
THE RED LED JUST STOPS GLOWING ANO THE! || | 
GREEN LED Glows. LIGHT FROM |A) FLASHLIGHT) 
WILL TRIGGER THE CIRCUIT And THE RED LED 
WILL Glow. THE CIRCUIT WiLL RESPOND TD. AN), 
LED. , MATCH, CANDLE , DAYLLGATAND A_LASER. 
POINTER. SINCE THE CIRCUIT RESPONDS TD MANY __ 
LIGHT SOURCES, NEVER USE IT TO CONTROL | 
HAZARDOUS THINGS (MACHINERY , ETC,)+ fat 
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BREAK-BEAM DETECTION SYSTEMS 


BREAK-BEAM DETECTION SYSTEMS DETECT 
EVERYTHING FROM ITEMS ON A CONVEYOR 
BELT AND SMOKE TO CUSTOMERS IN STORES 
AND BURGLARS. WHEN A LIGHT BEAM IS 
INTERRUPTED, THE SYSTEM SwiTcHES AN 
ALARM, COUNTER OR LIGHT. HERE ARE Some 
COMMON RBREAK~BEAM CONFIGURATIONS: 


IN-LINE MODE 
Le | 


RECEIVER 


LIGHT SOURCE 


ymiaies MODE 
MIRROR 
fequumeeseriec [ SuReACE. 


SURFACE 
PROXIMITY MODE 


OBIECT THAT 

ScaneecclooMmanaet "| REFLECTS 
—>}\1 LIGHT TO 

L4 RECEWER 


KINDS OF BREAK-BEAM SYSTEMS 


STEADY STATE — THE LIGHT sovRcE is A 
LAMP, LED OR SUNLIGHT, WHILE VERY SIMPLE, 
A STEADY-STATE SYSTEM CAN BE |NTERFERED 

WITH BY AN OursIDE SouRCE. 


PULSED— THE LIGHT IS A PULSED LED. A 
CAPACITOR BETWEEN THE SOLAR CELL AND THE 
RECEIVER BLOCKS INTERFERENCE FROM NON- 
ulna OUTSIDE LIGHT SOURCES. 

8. 


+ STEADY-STATE BREAK-BEAM SYSTEM 


_—-THIS SYSTEM PULLS IN A RELAY AND LIGHTS 
_— ,AN_LED WHEN. STEADY LIGHT ILLUMINATES 
_ TRE SOLAR CELL. 


BL 
+1) | 
USé THIS 
ARRANGEMENT 


2 
R= ae 
4 1 Sy ea USE A 
! ASHLGHT, 
_. V=B1. vottAce a \ 
Neep= LED VOLT AGE LENS 


——. Tren = LED current 


A.MOTOR, 
Ane, ETC. 


R2 CONTROLS 
__OP AMP Gain, 


=} 
= 
i RY1 1S _RADIOSHACK 275~004 OR 
SIMILAR LOW-CURRENT RELAY, 
~ 34 


CO 
PULSED BREAK-BEAM SYSTEM 


A PULSED BREAK-BEAM SYSTEM 1S GENERALLY 
IMMUNE TO, STEADY- STATE LIGHT SOURCES, 
THIS [S VERY IMPORTANT WHEN THE SYSTEM 
(S OPERATED. IN THE PRESENCE OF ROOM 
LIGHTS OR WEAK SUNLIGHT. A_SOLAR CELL 
RECE| VER FOR A PULSED BREAK-BEAM SYSTEM 
1S) SHOWN ON THE FACING PAGE. SHOWN 
BELOW IS A.SSS PULSED LED TRANSMITTER 
THAT WILL WORK WITH THIS. RECEIVER. 


PULSED BREAK- BEAM TRANSMITTER 


Ri +9 R2 conTROLS 


PULSE FREQUENCY 


Ci contTROS 
PULSE WIDTH 


R4 


FOR GEST RESULTS: 


1. USE AN INFRARED oR SUPER BRIGHT RED 
LED FOR MAXIMUM RANGE. 


2. POWER THE TRANSMITTER AND RECEWER 
FROM SEPARATE BATTERIES. 


3B. BE SURE THE BEAM FROM THE CED 
edi THE SOLAR CECL, 
fo} 


i So im 
or 


PULSED BREAK-BEAM RECEIVER 


+ 


C1 Blocks Ri cont 

THE SIGNAL +9y THE dai be 
FROM STEADY~ OP AMP TLOg2.. 
STATE REDUCE R41 To 
LiGRT REDUCE THE GAIN, 
SOURCES. 


THE LED 
1S USED 
TO TEST 
CIRCUIT 
OPERATION. 


Sis AN 
SPDT 
Switch, 


RADIOSHACK, 
2IS-O04 RELAY 


TO OPERATE, SWITCH S14 TO PasITION A. 
ADTUST R2 OF THE TRANSMITTER To ITS 
MID-POINT. WHEN LIGAT FROM THE LED Is 
STRIKING THE SOLAR CELL, ADIUST RY OF 
THE RECEIVER UNTIL THE RECElvER'S LED 
SWITCHES ON. THE LED sHoucdD Switch OFF 
WHEN THE TRANSMITTER LED IS POINTED AWAY 
FROM THE SOLAR CELL OR ITS LIGHT IS 
BLOCKED. SwiTcH Si TO B 1D SELECT RELAY. 
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SUN POWERED TONE GENERATORS 


THE c\RCuITS ON THIS AND THE FACING 
PAGE ARE POWERED ‘SOLELY BY SUNLIGHT 
OR A BRIGHT LAMP. MOST PRODUCE A TONE 
OR BUZZ. ONE \GENERATES A-SOUND THAT 
SOUNDS MUCH LIKE A TICKING CLOCK. 


SOLAR POWERED PIEZO BUZZER 


THE SOLAR ARRAY 
MUST PROVIDE 
SUFFICIENT VOLTAGE 
TO POWER THE PIEZO 
@u2zER. ANY PIEZO 
Bu2zER CAN BE 
POWERED, BY SUNUGHT. 


PZ 1s A PIEZO Buzzer. 


SOLAR POWERED DUALGATE OSCILLATOR 


THE SOLAR CELL 
ARRAY SHOULD 
ey PROVIDE 3 VOLTS.’ 


SOLAR CELL ARRAY 


#inCREASE TO 
6 WOLTS FOR 
MoRE VOLUME. 


EXPERIMENT WITH VALUE OF C1 AND Ri tO 
CHANGE FREQUENCY. 
He 


mpefstft | 


Ri contRas 
FREQUENCY, 
PZIS_A 
PIEZO. 
BUZZER OR 
SPEAKER 
ELEMENT. 


FOR BEST RESULTS 
THE SOLAR. CELL 
ARRAY SHOULD PROVIDE 
(e TO.4 VOLTS. 


LAR POWERED CLICKER (4) 
CA PZ AS) A 
LF PlEZO 
BuzzER 
OR SPEAKER 
ELEMENT, 
Ri REDUCE 
10K C1 to 
INCREASE, 
FREQUENCY. 


LAR POWERED CLICKER (2) 


THIS CIRCUIT EMITS 
SOUND LIKE THAT 
OF A TICKING, 
CLOCK. USE 2-VvolLT 
SOLAR ARRAY, 
LED Is A BLINKING 
TYPE LED, OK TO 
REPLACE PZ With 
MAGNETIC SPEARER, 
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LIGHT CONTROLLED TONE @ with ‘cELL HERE, INCREASING LicAT 
INCREASES TONE FREQUENCY. 

SILICON SOLAR CELLS CAN BE USED IN MANY 

KinDS OF TONE GENERATORS THAT RESPOND 


TD. DAYLIGHT OR ARTIFLCIAL CIGHT. 


LIGHT CONTROLLED SSS OSCILLATOR 


THE FREQUENCY AnD VOLUME OF SOUND 
PRoDUCcED BY A BASIC SSS OSCILLATOR CAN 
GE EASILY MODIFIED BY CONNECTING A 
SILICON SOLAR CELL AT. VARIOUS POINTS. 


AN INTERESTING APPLICATION Is TO REPLACE C1 
WITH A SOLAR CELL. SINCE A SOLAR CELL HAS 
CAPACITANCE, THE CIRCUIT WILL OSCILLATE, 
LIGHT AT THE CECL Witt CHANGE THE Tone 
FREQUENCY OR CUT IT OFF ENTIRELY, THE 
CEU SHOULD BE ORIENTED LIKE cele). 


HIGH GAIN LIGHT CONTROLLED TONE 


PZ- PIEZO SPEAKER = +4-V. 


-@): +9V ApsusT RA TO OR BUZZER ELEMENT 
SOLAR cEUL CHANGE FREQUENCY SOLAR 
em CELL 
wt 
Te IRL pz \& x RL 
® ® 100k ‘ 100K 
R3 
RZ ae LK 
Oy fe © © ; 
: COMMON 
OP AMP. C4 
¥ Ts a i 44, ETC.) Od 
(©) OL PZ IS PIEZO 
] SPEAKER ag 
a ELEMENT = 
= THE FREQUENCY OF THE TONE PRobUCED BY 
(a) CONNECT SOLAR. CELL HERE. INCREASING THIS. CIRCUIT IS REDUCED AS THE INTENSITY 
TGNT WILL INCREASE TONE FREQUENCY. =~ OF LIGHT AT THE SOLAR CELL IS INCREASED. 


WLR CEL CONNECTED. HERE, INCREASING -—._IN OPERATION, THE PHOTOCURRENT FROM THE, 
(GMT REDUCES VOLUME FROM PzZ. SOLAR CELL IS AMPLIFIED AND CONVERTED 
LIGHT FALLING ON CE4L HERE REDUCES TO A VOLTAGE BY OP AMP T¢1. THIS VOLTAGE 
FREQUENCY OR CUTS OFF TONE ENTIRELY. \S THEN. APPLIED TO THE CONTROL IN PuT_OF 
@ LIGHT STRIKING CELL HERE REDUCES A SSS IC CONNECTED AS AN) OSCILLATOR. 
YoLuME FROM PZ OR CUTS OFF TONE. WHEN THE SolaR CELL Is DARK, ADTUST RZ 
@)-UGHT FALLING On CELL HERE Cuts oFe UNTIL THE DESIRED, TONE Is PRODUCED, THEN 
AONE OR CAUSES CHIRPS. ILLUMINATE TRE SDLAR CELL. You CAN GET. 
LIGHT. STRIKING, CELL HERE REDUCES THE UNIQUE EFFECTS BY USING A FLASHING 
TONE FREQUENCY. LIGHT. 
44 
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IR REMOTE CONTROLTESTERS 


NEAR-INFRARED EMITTING DIODES ARE USED 
IN. REMOTE CONTROL TRANSMITTERS FOR. 
TELEVISIONS, VIDEO RECORDERS AND OTHER 
SYSTEMS. THEY ARE ALSO USED TO TRANSMIT. 
DATA FROM VARIOUS COMPUTERS. THE 
CIRCUITS SHOWN HERE VERIFY THAT NEAR- 
INFRARED TRANSMITTERS ARE OPERATING. 


PIEZO ELEMENT TESTERS 


PZ IS ANY PIEZOELECTRIC SPEAKER ELEMENT 
OR EARPHONE. COO NOT USE A PIEZOELECTRIC 
Eu22ER.) T1 IN THE CIRCUIT ON THE RIGHT IS 
ANY MINIATURE AUDIO OUTPUT TRANSFORMER. 
THIS CIRCUIT PROVIDES A LouDER SOUND 

THAN THE CIRCUIT ON THE CEFT. TEST 
THE IR REMOTE CONTROL TRANSMITTER BY 
POINTING IT AT THE SOLAR CELL, A TONE 
WILL BE HEARD IF THE UNIT IS WORKING. 


MAGNETIC TRANSDUCER TESTERS 


~ 8-2 
SPKR 


PH \S A MINIATURE MAGNETIC EAR PHONE. 
BoTH CIRCUITS EMIT A TONE WHEN A WORKING 
IR TRANSMITTER 1S POINTED AT THE SOLAR CELL, 
USE A SOLAR ARRAY FOR MORE VoLUME. 

46 
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TRANSISTOR REMOTE CONTROLTESTER 


PZIS A PIEZOELECTRIC +4y 
SPEAKER ELEMENT OR 
EARPHONE . (DO NOT 
USE A PIEZOELECTRIC 
BUZZER.) POINT IR 
REMOTE CoNTROL AT 
SOLAR cELL. PZ 
WILL EMIT TONE 


1F UNIT Is Qt 
WORKING. va i 2N2222 oR, 
SIMILAR NP 
SOLAR TRANSISTOR 
a 


OPAMP REMOTE CONTROL TESTER 


PZ IS A PIEZOELECTRIC. 
SPEAKER ELEMENT. 

(Do NoT Use A PIEZO 
Bu2z2ER.) 


+9 Ici- COMMON 


~~ - pz 
sovar| + 
cou Re 
2.2K 
<> LED 
5 YZ 
POINT IR REMOTE CONTROL AT is 
SOLAR CELL. PZ WILL EMIT A ae 
TONE IF THE REMOTE conTROL i 
TRANSMITTER IS WORKING. 
ADD R2 AND LED TO PROVIDE A VISUAL 
OUTPUT. THE LED WiLL FLASH WHEN) THE 
REMOTE CONTROL 1S POINTED AT SOLAR CELL, 
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e® 6 
SOLAR-POWERED NIGHT LIGHT RESISTOR COLOR CODE 


RADIOSHACK| —))) -— 
SOLAR PANEL; 
OR PANELS. ; | 4\ 
CONNECTED . : 
TO PROVIDE ; BLACK o Oo «xt 
6-7 vorTs, | ee ee ie 

ORANGE 3 3 ¥ 1,000 
OR MAKE | YELLOW «4 4 «£10,000 
YOuROWN i GREEN s 5 * 160,000 
G-7VOLT | BLve & © * 1,000,000 
SOLAR CELL , VioveT 7 7 £ 10,000,000 
PANEL. 4 GRAY & B £ 100,090,000 
(42-14 ceus) + waite 99 i 
Ri CoNTROLS FOURTH AND INDICATES TOLERANCE (AccuRAcY): 
SENSITIVITY 


p + 70 Gouo=2S% SILVER=t1O% NowE>*20% 
CADMIUM 


RL STORAGE eC : 
pone OHM'S LAW: vetR Rew 


look 
Tev/R Pr vr=I*R 
R3 UMITS ao 
R3__| currest ABBREVIATIONS 
2202] THROUGH 
SHIELD THE LED AMPERE R* RESISTANCE 
PHOTOCELL FARAD Vv (or E) = VOLT 
FROM LIGHT CURRENT W= WATT 
EMITTED aL PoweR RL= OvM 
BY THE LED AN2222 
LED 1s RED M rest 
oS OR GREEN K Se 
ih HIGH- wm CMicLI-) 
CdS BRIGHTNESS A CMIcRO- 
PHOTOCELL TYPE nw (NANO-) « 000 000 001 


P CPico-) = . 000 coc coo cor 


DURING DAYLIGHT HOURS THE SOLAR PANEL 
RECHARGES B1.: AT NIGHT Qi swiTchHES 
ON AND APPLIES, CURRENT TO THE LED. 
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